INTRODUCTION
============

*Salmonella*e are enteric pathogens and a leading cause of bacterial food borne illness. Non-typhoid salmonellosis is an infectious disease caused by *Salmonella* species other than *Salmonella typhi*. In most patients, the clinical course of non-typhoid salmonellosis consists of a benign self-limiting gastroenteritis. However, these bacteria are especially problematic in immunocompromised individuals, including patients with malignancy, human immunodeficiency virus, or diabetes, and those treated with corticosteroids or other immunotherapy agents. In addition to enteric symptoms, *Salmonella* species give rise extra-intestinal complications, which are associated with increased mortality rates and graft failure in transplant recipients.

*Salmonella*-triggered arthritis may appear 1 to 3 weeks after the onset of infection. This arthritis is frequently asymmetric and migratory and usually involves the large joints. In most patients, this arthritis is self-limiting and lasts a few weeks to several months, but in some patients the disease appears to be chronic in nature. We describe here a patient who experienced non-typhoid *Salmonella*-triggered arthritis in the left hip after undergoing dual living-donor liver transplantation.

CASE
====

A 47-year-old man underwent a dual living-donor liver transplantation, consisting of the right lobe from his wife and the left lobe from his brother, due to hepatitis B, liver cirrhosis and hepatocellular carcinoma in February 2010. Postoperatively, he was treated with tacrolimus (initially 0.025 mg/kg/day intravenous injection switched into 3.5 mg per oral administration (per os) twice a day) and methyl prednisolone (initially 50 mg intravenous injection, every 6 hours switched into 12 mg per os twice a day). The serum level of tacrolimus was adjusted to 14.6 ng/ml (normal range, 5-20 ng/ml) and his graft function was excellent. He discharged in stable condition of day 24 with immunosuppressants (Tacrobel® 3.5 mg and methylon® 12 mg, twice a day), acyclovir (Zovirax® 200 mg, once a day) and trimethoprim-sulfamethoxazole (400 mg-80 mg, Septrin® 2 tablets, every other day) to prevent rejection and infection. One week after discharge, he presented at the emergency room with a high fever (39.1℃), watery diarrhea, severe pain and stiffness in the left hip for 4 days. Blood tests showed hemoglobin 11 g/dl, leukocyte count 4,400/mm^3^, platelet count 71,000/mm^3^ and normal liver function test but C-reactive protein (CRP) concentration was 4.39 mg/dl. Blood cultures yielded group D *Salmonella*, which was sensitive to ampicillin, cefixime, and ceftriaxone, and resistant to quinolone. The patient had no joint problems preoperatively. Bilateral hip joint magnetic resonance imaging (MRI) revealed pyomyositis involving the left iliopsoas and external obturator muscles with abscesses in the iliopsoas muscle as well as diffuse synovial enhancement with increased joint effusion in the left hip joint ([Fig. 1](#F1){ref-type="fig"}). Subsequent culture of synovial fluid from the left hip joint revealed no bacterial growth. He was treated empirically with intravenous ceftriaxone 2 g per day and all immunosuppressive agents were stopped for 3 days. Over the next 10 days of intravenous antibiotic treatment, his diarrhea and fever resolved, but pain and limited range of movement of the left hip continued. Three weeks later, follow-up MRI showed that the abscesses in his muscles had decreased but myositis was still present. Diffuse synovial thickening had progressed but the amount of joint effusion had decreased in the left hip ([Fig. 2A](#F2){ref-type="fig"}). He was maintained on intravenous antibiotics for an additional 3 weeks, following which he was switched from intravenous ceftriaxone to oral cefixime 400 mg per day and sulfamethoxazole-trimethoprim (400 mg/80 mg) 2 tablets per day. After 5 weeks of antibiotic treatment, his joint pain improved progressively and he discharged with a further antibiotic treatment plan for a total of 6 months. An additional MRI, performed after 6 months of antibiotic therapy, revealed myositis and arthritis were markedly improved ([Fig. 2B](#F2){ref-type="fig"}). Six months following his infection, his left hip had clinically improved. He had no joint disability and his graft function has remained stable for 22 months after liver transplantation.

DISCUSSION
==========

To our knowledge, non-typhoid or typhoid *Salmonella*-triggered arthritis has not previously been reported in living-donor liver transplant recipients, although it has been described in several renal transplant recipients. *Salmonella* species are Gram-negative motile bacilli that are usually transmitted to susceptible hosts by consumption of contaminated foods, including beef, poultry, and eggs. Non-typhoid salmonellosis is an infectious disease caused by *Salmonella* species other than *Salmonella typhi*. Infection with non-typhoid *Salmonella* usually produces a self-limited gastroenteritis, but may also produce extra-intestinal complications, such as endocarditis, vascular infections, cholecystitis, hepatic and splenic abscesses, urinary tract infections, pneumonia or empyema, meningitis, septic arthritis, and osteomyelitis, all of which are associated with increased mortality rates and graft failure in transplant recipients.[@B1]

The severity of illness in individuals with salmonellosis is determined not only by the virulence of the infecting strain but also by host conditions. The most common risk factors include corticosteroid use, malignancy, diabetes, human immunodeficiency virus (HIV) infection, prior antimicrobial therapy and immunosuppressive therapy.[@B2] The rates of bacteremia and extra-intestinal complications are especially high in transplant recipients, approximately 60% and 35%, respectively.[@B3]

Among the extra-intestinal complications of salmonellosis is *Salmonella*-triggered arthritis, which may be septic or reactive. Reactive arthritis is defined as a new onset of swelling of a joint, inflammatory-type back pain, or extra-articular inflammation, occurring within 3 months of the onset of the gastrointestinal symptoms.[@B4] The pathogenesis of reactive arthritis remains obscure, although it is strongly associated with the presence of the major histocompatibility antigen HLA-B27, which may predict a more prolonged and severe disease.[@B5],[@B6] The incidence of arthritis following *Salmonella* infections has been reported to range 2-15% and incidence of 3.4 % has been reported in renal transplant recipients.[@B1] The median times from onset of gastrointestinal symptoms to the development of arthritis have been found to range from 0 to 90 days, with the usual onset being within 7 to 14 days.[@B4],[@B5],[@B6],[@B7],[@B8],[@B9]

The sequence of events that lead to bone and joint infection has not been well characterized and there are no antimicrobial guidelines for the identification of post-*Salmonella* arthritis. Ciprofloxacin has good *in vitro* activity against *Salmonella* owing to its high serum concentrations and intracellular penetration. However, the emergence of ciprofloxacin resistance and cross-resistance to unrelated antibiotics has been described in both immunocompetent and immunocompromised patients as our case. Although dual therapies with ciprofloxacin and chloramphenicol or trimethoprim have been used to reduce resistance, *Salmonella* strains resistant to multiple antibiotics have been isolated. Third-generation cephalosporins are active *in vitro* against *Salmonella* species, although the correlation between *in vitro* sensitivity and clinical response may vary due to differences in tissue and intracellular penetration. Ceftazidime has been replaced by ceftriaxone therapy due to its longer half-life, which has enabled once-daily treatment of outpatients.[@B10] Moreover, severe prolonged polyarticular reactive arthritis after intestinal salmonellosis is not altered by long-term antibiotic therapy. Appropriate physiotherapy, non-steroidal anti-inflammatory agents and local steroid injection have proven useful in the treatment of *Salmonella*-triggered arthritis. However, intra-articular injection of steroids is still considered problematic due to the possibility of secondary infections.[@B9],[@B10] Clinical responses are based on the resolution of fever, pain and joint effusion.[@B11]

The prognosis of patients with arthritis after *Salmonella* infections has not been well defined. Although most patients show resolution of arthritis within 4 months of onset, chronic symptoms can persist for up to 5 years.[@B4] Moreover, relapse can occur, even with appropriate therapy. In an Israeli series, 2.2% of patients experienced a bacteriologically proven relapse.[@B12] The relapse rate is significantly higher in immunosuppressed patients, with recurrences occurring within a week to 2 years and 19 months after stopping antibiotics.1 It is difficult to adjust the level of immunosuppressants to prevent graft rejection while preserving immunocompetence against pathogens, especially during an active infectious stage. Total withdrawal of immunosuppressants has been reported successful in the treatment of refractory septic arthritis caused by *Salmonella* and *staphylococcus aureus*, together with preservation of graft function, in al long-term renal transplant recipient, although further long-term follow up study is needed to delineate the effect of immunosuppressant withdrawal on renal allograft function.[@B9] In our patient, however, we withdrew immunosuppressive therapy for only 3 days to treat acute bacteremia, as complete withdrawal of such therapy was deemed dangerous for the patient. After resolution of his acute diarrhea and high fever, we resumed immunosuppressants and focused on eradication of ciprofloxacin-resistant *Salmonella* group D. Six months of antibiotic treatment have been recommended for HIV Patients with *Salmonella* bacteremia susceptible to ciprofloxacin.[@B13]

We herein report a dual living-donor liver transplant recipient who had quinolone-resistant, non-typhoidal samonella septic arthritis and that at least 6 months of treatment with cefixime and trimethoprim-sulfamethoxazole would lead to an acceptable outcome, as well as prevention of insidious progress of arthritis and permanent joint damage.

![Left hip MRI on admission, showing pyomyositis and an abscess in the iliopsoas muscle (arrow) and joint effusion (dotted arrow).](kjhbps-18-29-g001){#F1}

![(A) Left Hip MRI 3 weeks after admission, showing slightly improved myositis and decreased joint effusion (arrow). (B) Left hip MRI after 6 months of antibiotic treatment, showing markedly improved myositis and abscess (arrow).](kjhbps-18-29-g002){#F2}
